A strong health workforce is widely recognized as a prerequisite for health care and a crucial determinant of health system performance. The number of health professionals in China increased following the 2009 health system reform, which, in part, aimed to address the shortage and unequal distribution of health professionals. We examined whether the distribution of health professionals was more equitable following the reform and whether the reform had targeted impacts in terms of the quantity of health professionals. We interacted economic (poor and non-poor counties) and geographic (eastern, central and western regions) dimensions to more precisely target vulnerable areas, focussing on the quantity and distribution of health professionals in rural China. We used a county-level longitudinal dataset from the National Health and Family Planning Commission consisting of 1978 counties in all 31 provinces in rural China, with measurements taken every other year from 2008 to 2014. The distribution of health professionals was summarized using descriptive and interaction analyses. We found a constant improvement in the number of health professionals per 1000 population co-existing with a worsening of the distribution across rural China following the health system reform. Most of the non-poor counties improved faster compared with poor counties across all geographic regions, especially in the western and eastern regions. The growth of the number of health professionals per 1000 population was greatest and fastest in western-non-poor counties and least and slowest in eastern-poor counties. As an example of the 'Central Region Downfall' phenomenon, the central counties (both poor and non-poor) performed poorly in terms of the quantity and distribution of health professionals. Based on an analysis of multiple dimensions, targeted and differential measures should be taken to reduce inequalities, and the central region should not be ignored in efforts to improve the distribution of health professionals in rural China.
Introduction
A strong health workforce is widely recognized as a prerequisite for health care and a crucial determinant of health system performance (Anand and Barnighausen 2004; Kanchanachitra et al. 2011) . Because every function of the health system is either undertaken by or mediated through health workers, researchers have argued that health workers should be placed at the centre of the health system (Anand and Bä rnighausen 2012) . In 2009, China launched a comprehensive health system reform, with the goal of providing universal health coverage by 2020 (Chinese Communist Party Committee and State Council 2009). One of the policy goals of this reform is to address the shortage and poor distribution of health workers, especially in rural China (Chinese Communist Party Committee and State Council 2009). As an important and primary aspect of their work, health professionals have been trained to provide preventive, curative, promotional and rehabilitative health care services in a systematic way to people, families, and communities (National Health and Family Planning Commission of the People's Republic of China 2015). There has been an overall improvement in the size of the health workforce after the reform: The number of health professionals per 1000 population increased from 4.37 in 2010 to 5.56 in 2014, with a growth rate of 27.23%. Before the reform, the rate of increase was only 18.91% from 2005 to 2009 (National Health and Family Planning Commission of the People's Republic of China 2015). Aggregate increments, however, do not necessarily correspond to improvements in inequality in terms of the distribution of health professionals. Successful efforts to improve overall health status may increase social inequalities, if these interventions are made available to all areas instead of precisely targeting vulnerable regions (Ceci and Papierno 2005; Fredericket al. 2014) .
Although inequality in the distribution of health professionals in China has long been studied, several research gaps still need to be filled. Some of the previous research has been cross-sectional, producing weaker evidence compared with evidence from panel or longitudinal studies (Wang et al. 2013; Ren et al. 2015; Zhou et al., 2015b) . Most researchers who have used panel data have focussed on simple comparisons between urban and rural areas (Zhou et al., 2015a) or geographic regions (Gao et al., 2017) . These comparisons have not been precise enough to include targeted measures. To our knowledge, the most precise studies have used provincial-level data and showed inequality only across the provinces, rather than assessing variation among lower-level administrative units such as counties (Liang et al. 2016) . To better understand the very nature of the distribution of health professionals and to draw out the policy implications for improving health inequality, our study focussed on county-level administrative units in rural China. We sought to answer two sets of questions. First, the income gap is much larger in rural areas than in urban districts in China. The highest provincelevel disposable income for rural residents was 2.31 times greater than the lowest, after adjusting for cost of living, whereas the difference was only 1.72 times for urban residents' disposable income (Wu 2016) . Thus, there is a need to pay more attention to rural China, because little is known about the exact distribution of health professionals in this context. Therefore, we explored the following question: 'What is the nature of the disparity of health professionals in rural China?' Second, according to the national strategy of poverty alleviation, it is crucial to take targeted measures in vulnerable areas (The State Council Leading Group Office of Poverty Alleviation and Development 2015). Policy makers focus on poor counties and western regions. What subgroups emerge as important, looking at overlapping economic and geographic characteristics? Are there different impacts of the health system reform across these multidimensional subgroups? Understanding the nature of disparities in the distribution of health professionals will allow for proposing policy suggestions for the improvement of inequalities in access to health care services in rural China. Additionally, these lessons from rural China will provide crucial empirical evidence that can be applied to implementation in other low-and middle-income countries.
In this study, we focussed on the quantity and distribution density of health professionals (the number of health professionals per 1000 population) in rural areas in China following the health system reform. We assembled a county-level longitudinal dataset that consisted of all county-level administrative units in rural China, with measurements taken every other year from 2008 to 2014. We measured absolute and relative inequalities and analysed the interaction of economic and geographic dimensions. Our work may provide a nuanced understanding of the complexity of inequalities and shed light on the precise targeting of vulnerable areas.
Methods

Data source
We assembled a dataset by merging three sources of data. The first source was county-level health professionals' data obtained from routine reports of each county by the National Health and Family Planning Commission. These data included the annual reports of health professionals in all county-level administrative units 1 in all 31
province-level units in China in 2008 China in , 2010 China in , 2012 China in and 2014 . We focussed our analysis on rural areas and therefore kept all of the
Key Messages
• We used a county-level dataset to study the quantity and distribution of health professionals following the health system reform in rural China.
• An overall improvement in the density of health professionals in rural China after the health system reform co-existed with deterioration in distribution across the country.
• Middle groups of counties leverage more on economic than geographic factor to secure health workforce: the largest and fastest growth of the number of health professionals was in western-non-poor counties while the smallest and slowest was in eastern-poor counties.
• A Central Region Downfall phenomenon: central counties (both poor and non-poor) have performed poorly in terms of quantity and distribution.
rural counties in the dataset. Specifically, data on 1978 rural counties in 2014 were used ( were not included in this study because of missing or incomplete data. The second data source was the county-level GDP (gross domestic product) and population data from each county's routine statistical report, obtained from the National Bureau of Statistics and the Bureau of Statistics in each province.
The third data source was the list of poor counties obtained from The State Council Leading Group Office of Poverty Alleviation and Development. In total, 834 poor counties were listed as key counties in the national poverty reduction programme, according to a set standard: Eligibility was based on several variables, such as net income per capita, the proportion of poor people, GDP per capita, and fiscal revenue per capita. After merging these three data sources, 796 poor counties were used in our dataset for 2014. A total of 55 counties (6.9%) in 2008, 66 counties (8.3%) in 2010 and 74 counties (9.3%) in 2012 were not included because of missing or incomplete data.
Measurement
Based on the population and number of health professionals, we calculated the density of health professionals (the number of health professionals per 1000 population) for each county as our primary outcome variable.
An increasingly prominent view in the health inequality literature frames health inequalities in a multi-dimensional social-economic context (Sen et al. 2009; Brixi et al. 2013) . Our study on inequalities in the density of health professionals followed this analytical approach. Specifically, we analysed inequalities in the density of health professionals in rural China through economic (non-poor and poor counties) and geographic (eastern, central and western regions) dimensions. The eastern region lies in the eastern and southern coastal areas of China and includes 11 provinces. As of 2014, the GDP per capita was 66 939.91 Chinese yuan [USD (United States Dollars) 10 300, USD 1 ¼ 6.5 Chinese yuan], and the region was home to 41.52% of the population of China. The central region is located in the centre of China and consists of eight provinces. In 2014, the GDP per capita of 39 096.06 yuan (USD 6015), and 31.45% of the population of China lived in this region. The western region is located in north-and south-western inland areas of China. This region includes 12 provinces. In 2014, the GDP per capita here was 37480.25 yuan (USD 5766), and the region hosted 27.03% of the population of China (National Health and Family Planning Commission of the People's Republic of China 2015). This way of dividing China into three regional categories is common practice in describing China's geographic characteristics (Ren et al. 2015) .
Data analysis
We conducted descriptive and interaction analyses.
Measurement of absolute and relative inequalities
Because absolute and relative measures can lead to different conclusions about the size of and changes in inequalities, the examination of both types of measures is important to present a complete picture of inequalities (King et al. 2010) . We measured absolute inequalities using the slope index of inequality (SII) and relative inequalities using the concentration index (CI). The analyses were performed using Stata software, Version 14.1. Contrary to common measures, such as absolute differences and ratios, which compare only extreme groups (e.g. poor vs. non-poor counties or western vs. eastern regions), the SII and the CI can measure inequalities across the entire distribution.
We calculated the SII by regressing the density of health professionals on county's relative rank in the cumulative distribution of socioeconomic position (McKinnon et al. 2014) .
The CI is a relative measure of inequality that shows the health gradient across multiple subgroups with natural ordering of the variable of interest. The CI is defined as follows (Kakwani 1980; Jenkins 1988; Lerman and Yitzhaki 1989; O'Donnell et al. 2008) :
In our study, h is the density of health professionals, l is its mean, and r is the fractional rank of all counties according to GDP per capita.
Analysis of the interaction between economic and geographic dimensions
We examined at the interaction between economic and geographic dimensions. Specifically, we interacted the poverty status variable with the region variable to construct a variable with six categories: western-poor, western-non-poor, central-poor, central-non-poor, eastern-poor, and eastern-non-poor. We first described the absolute number of health professionals per 1000 population in each category. An ordinary least squares multiple regression was then used to compare the size of the annual change in this measure across the six categories. Finally, we showed the annual change rate of absolute inequality and relative inequality using the SII and the CI. In the multiple regression analysis, the dependent variable was the annual change rate in number of health professionals per 1000 population, and independent variables were the dummy variables for the above six-category variable, taking the western-poor subgroup as the reference group, and the number of health professionals per 1000 population in 2008.
When compared with other methods of descriptive analysis for measuring the inequality of the six categories representing economic and geographic characteristics, this interaction approach, consisting of both description and statistical inference, better facilitated connecting poverty status with region. This multidimensional analysis can measure the distribution of health professionals precisely and can compare inequalities in subgroups across multiple dimensionsnot only the inequalities in the extreme groups (e.g. western-poor vs eastern-non-poor) that were examined in previous studies, but also in the middle groups with both advantageous and disadvantageous features (e.g. western-non-poor vs eastern-poor), as well as middle groups that are not in the scope of conventional studies (e.g. central-non-poor vs central-poor).
Results
Density of health professionals in rural China following the health system reform by economic and geographic groups From 2008 to 2014, there was an evident improvement in the density of health professionals in rural China (Table 2 ). In 2008, the national average was 2.50 health professionals per 1000 population in rural areas. After the health system reform in 2009, this number increased to 2.89 in 2010. This positive effect was sustained in the following years, with a constant annual improvement about 0.20, yielding densities of health professionals of 3.23 and 3.62 in 2012 and 2014, respectively (Table 2, Row 1). This positive effect can be observed in each economic and geographic subgroup-poor and non-poor counties, as well as western, central, and eastern counties ( Table 2 , Rows 2-6).
However, the improvement was not distributed evenly across the country. Examining the economic dimension (Table 3) (Table 4) , the western counties, which had the lowest density of health professionals prior to the health system reform, experienced the largest growth among the three regions. The geographic disparity between eastern and western counties decreased, though not steadily, from 2008 to 2014 in both absolute difference and ratio. Figure 1 presents the increasing absolute inequalities and constant relative inequalities in rural China from 2008 to 2014. In terms of absolute inequalities ( Figure 1A) , the SII in rural China increased from 2.13 in 2008 to 2.92 in 2012 and 2014 (P-value < 0.01). Within each subgroup, we found that the SIIs significantly increased in non-poor counties (2.30-3.10, P-value < 0.01) and in the western region (2.84-3.66, P-value < 0.01) from 2008 to 2014. Comparing the magnitude of the SIIs in each subgroup with the national average, we found that only the western region was significantly larger than the national average in each year. In terms of relative inequalities ( Figure 1B) , the CIs remained higher than 0.13 from 1 year before to 1 year after the health system reform, increased slightly to 0.14 in 2012, and then decreased to 0.13 in 2014. However, this trend was not statistically significant. The absolute values of the SII and the CI are shown in Supplementary Table S1 .
Density of health professionals in rural China following the health system reform: crossing economic and geographic dimensions
The interaction analysis of the six economic/geographic subgroups provided a more nuanced picture of the nature of the quantity and distribution of health professionals in rural China following the health system reform. Partly because the middle groups had both advantageous and disadvantageous features (e.g. western-non-poor vs eastern-poor), comparisons of changes in the density of health professionals in these groups have not been common in conventional analyses focussing on the single dimension of geography. In addition, interacting multiple dimensions targeted the vulnerable areas more precisely than did assessments looking at a single dimension, so different measures for improving inequalities can be implemented in different areas. Figure 2 shows the number of health professionals per 1000 population in the six subgroups in 2008 and 2014. We found three main results. First, the middle subgroups of western-non-poor and eastern-poor counties became the top and bottom subgroups, respectively, in terms of health professionals per 1000 population in 2014, whereas the extreme subgroups of eastern-non-poor and western-poor counties were the top and bottom subgroups, respectively, in 2008. Second, the gap between the top and bottom subgroups widened from 0.81 health professionals per 1000 population in 2008 (eastern-non-poor counties minus western-poor counties) to 1.34 in 2014 (western-non-poor counties minus eastern-poor counties). Third, economic factors, rather than the geographic factors, were the dominant contributor to disparity across these six categories. Specifically, the density of health professionals was higher in non-poor counties than in poor counties in all three geographic areas (western, central and eastern regions), whereas we did not find an unambiguous pattern across the three geographic regions. Table 5 presents the results of the multiple regression analysis, with western-poor counties as the reference group. When compared with the poor counties, most non-poor counties improved faster from 2008 to 2014 across all geographic regions, especially in the western and eastern regions, although it is the poor counties that were targeted by the health system reform. The fastest improvement in the density of health professionals was observed in the westernnon-poor counties, followed by the eastern-non-poor counties. The largest annual change of all of the subgroups was seen in the western-non-poor counties. This change was 40% larger than that seen in the western-poor counties, and this difference was statistically significant. In contrast, the eastern-poor counties had the slowest improvement in the density of health professionals. The lowest annual change of all of the subgroups was seen in the eastern-poor counties was 49.5%, which was significantly lower than the change in western-poor counties. In addition, the annual improvements in the central groups (44.8% in poor counties and 21.5% in non-poor counties) were lower than the changes seen in western-poor counties, even though the central region is considered to be more advanced than the western region, according to conventional wisdom. These quantitative results are complementary to the results shown in Figure 2 . Figure 3 shows the annual change rates for both absolute (SII) and relative (CI) inequalities in the six economic/geographic subgroups. The crossover of the two 0-lines generates three noticeable areas in the figure. First, eastern-poor counties had a negative annual rate for both absolute and relative inequalities, meaning that both measurements indicate improvements in this subgroup. Second, four subgroups (western-poor, western-non-poor, easternnon-poor, and central-non-poor) had mixed results in the change of the two measurements. These absolute inequalities in these four Note: reference group: western-poor counties. **P < 0.05; ***P < 0.01.
subgroups worsened, whereas the relative inequalities improved. Third, the central-poor counties worsened in both absolute and relative inequalities. In addition, we found a strong linear association between the change in SII and the change in CI for wealthrelated inequalities (r ¼ 0.9875, P ¼ 0.0002).
Discussion
In our study, we found an overall improvement in the density of health professionals following the health system reform, especially in the western region, where the density of health professionals was the lowest prior to the health system reform. However, this improvement in the quantity of health professionals co-existed with a worsening of absolute inequalities across the country. Most non-poor counties improved faster compared with poor counties across all geographic regions, especially in the western and eastern regions. From 2008 to 2014, the largest and fastest growth in the numbers of health professionals per 1000 population was seen in the westernnon-poor counties, whereas the smallest and slowest growth was seen in the eastern-poor counties. In addition, we found an instance of the 'Central Region Downfall' phenomenon (Yang et al. 2016) 2 in the area of health professionals: In terms of the quantity of health professionals, the central counties (both poor and non-poor) improved even more slowly than did the western-poor counties, which had the lowest density of health professionals in 2008. The central counties were also the worst performers in terms of inequalities; the central-poor counties were the only subgroup that worsened in both absolute and relative inequalities. The improvement of the quantity of health professionals in the western region was in line with a series of policies implemented by the central government in the health system reform to improve the health workforce in rural areas. For example, at least 1 year of service in rural areas is required for promotion to associate chief physician or chief physician in urban hospitals. The central government also reimburses the tuition fees of medical graduates who choose to work in primary care in western regions for more than 3 years (Ministry of Health 2009). However, most of these national development programmes implemented by the central government target western rural areas broadly, instead of specifically focussing on western-poor rural counties. Local governments should follow the national policies, but their budgets are not unlimited. Poor counties have difficulty recruiting and retaining health professionals, whereas non-poor counties may attract more highly qualified health professionals by offering a decent salary, better working and living conditions, more prospects for career development, and so forth (Henderson and Tulloch 2008) . In terms of patients in the western region, because of the region's mountainous geographical features and poor transportation infrastructure, people's access to distant services is impeded, leading them to favour more easily accessed local services, especially in the western-poor counties (Brundisini et al. 2013) . As a result, the number of health professionals may increase more and faster in western-non-poor rural counties, which are better developed compared with the western-poor counties that have a greater need for health professionals. In eastern areas, where the counties are more populated and have better transportation infrastructure, health professionals tend to work in non-poor areas, and patients find it easier to seek health care services in betterdeveloped neighbouring areas (Chen et al. 2014) . As a result, the concentration of health professionals in non-poor areas may increase the frequency of people from poor areas seeking health care in non-poor areas in the eastern region. Consequently, this flow of patients may lower the local demand for health professionals in eastern-poor counties. Therefore, density of health professionals in western-non-poor counties increased the most and the fastest, whereas the opposite was observed in eastern-poor counties. The absence of policy attention to the central region may cause the observed 'Central Region Downfall' phenomenon, whereas the western region was the focus of the government and the eastern region was able to develop on its own.
Policy recommendations
Our findings have important implications for the current regionbased and poverty-centric policies, because we examined multiple dimensions simultaneously to produce a more precise analysis. Specifically, we emphasize three policy recommendations. First, multiple dimensions of inequality should be taken into consideration to improve the targeting of policies. For example, the eastern-poor counties should also be targeted, although conventional wisdom indicates that eastern counties have an economic advantage and therefore should not be eligible for many programmes. Second, given the differentials across subgroups, we suggest that policy makers diversify their strategies to reduce inequalities and improve the cost-effectiveness of public health resources. For example, in economically disadvantaged but geographically advantaged (in terms health access) counties, such as the eastern-poor counties, more attentions should be paid to primary health care. In economically advantaged but geographically disadvantaged (in terms health access) counties, like the western-non-poor counties, more focus should be given to the improvement of the quality of the health workforce. Third, instead of focussing on the bottom group in terms of only the economic or geographic dimension (e.g. western counties), policy makers should pay attention to the 'sandwich' groups that are in the middle of the distribution (e.g. counties in the central region).
Limitations and future research
Building on a county-level dataset and interaction analysis, our work provided a nuanced understanding of the complexity of inequalities and shed lights on recommendations for the precise targeting of vulnerable areas. However, given the limitations of the data, we did not have the opportunity to examine changes in the quality of health professionals in rural China. Therefore, our study focussed only on the quantity and distribution of health professionals in these regions. Future research should expand the study scope to include measurements of quality. In addition, fully understanding why some areas have improved while the others have declined is of great academic importance and also has important policy implications.
Conclusions
In conclusion, our work showed a constant improvement in the number of health professionals per 1000 population co-existing with a worsening of the distribution of health professionals across counties in rural China following the health system reform. However, our interaction analysis, which included multiple dimensions, showed that economic factors were more important compared with geographic factors, and the number of health professionals per 1000 population grew more and faster in most non-poor counties, rather than in poor counties. We also found an example of the 'Central Region Downfall' phenomenon: The central counties (both poor and non-poor) performed poorly in terms of improvements in both quantity and distribution. Thus, based on a consideration of multiple dimensions, targeted and differential measures should be taken to reduce inequality. Additionally, the central region should not be ignored in efforts to improve the distribution of health professionals in rural China.
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Notes
1. County-level administrative divisions in this study consists of county-level cities, counties, autonomous counties, banners, autonomous banners, forestry districts and special districts. 2. In the economics literature, 'Central Region Downfall' traditionally refers to the slow economic growth in the central region of China.
